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I INTRODUCTION
This is the third quarterly progress report on the new SRI Project
PRU-7228 and the tenth quarterly report for this research program,
Investigation of Reactivity oX Launch Vehicle Materials with Liquid
Oxygen. This report covers the period October 23, 1968 to January 22, 1969.
This program is concerned with those factors contributing to the roact-
ivity of several classes of organic materials used in launch vehicle
systems with liquid oxygen (LOX).
Research on this project is based on the idoa that deflagration or
explosion of organic-LOX mixtures on impact is a result of efficient
conversion of mechanical to thermal energy at discrete sites in the
organic material (hot-spot formation) followed by formation of free
radicals and exothermic chain reactions with oxygen. Accordingly, this
program has two major aspects: (a) study of those factors affecting
the ignition processes, and (b) study of the chemical mechanisms of free
radical formation and oxidation of selected organic materials.
During this contract year, we have studied "hot-spot" ignition of
materials in LOX with a hot-wire ignition source, and with the ballistic
impact apparatus. We are seeking correlations between ease of ignition
(by either process) and the physical properties and chemical structure of
model compounds. The model compounds were chosen for possible correlations
with ease of oxidation by the free radical solution processes*
Time-resolved photography is being adapted to the visual study of
shock-induced ignition of solids in LOX.
We have also been concerned with two aspects of the oxidation of
organic compounds: (1) the reaction Me,Al 2 with oxygen which is a
spontaneous process requiring no initiator, and which appears to proceed
very rapidly even at -140 0 by a nonfree radical mechanism, and (2)
correlation of the reactivity of several classes of organic compounds
toward t-BuO • radical with 'their oxidizability at 50 0 to 100 0 and with
their sensitivity as measured by the impact test procedure and by the
hot-wire technique.
1
11	 1
II SUMMARY
A selected group of organic compounds were impact tested with the
ABMA drop-weight tester during this report period. Attempts were made to
correlate the impact sensitivities of these compounds with their physical
properties and chemical structure. In some instances subgroups of com-
pounds that are related by their chemical structure have exhibited sensi-
tivities correlating with their flash points, i.e., the compounds with
the lowest flash points have been found to possess the highest impact
sensitivity. Chemical structure has also been shaan to be a factor in
impact sensitivity. The impact sensitivities of cumene, toluene, and t-
butylbenzene are in the same order as their reactivities toward peroxy
radicals in oxidation.
A few of the compounds that were impact tested were ignited by the
hot-wire method, and minimum ignition temperatures and ignition-delay times
were measured. The hot--wire sensitivity of compounds within certain sub-
groups were again found to correlate with the ease of hot-wire ignition.
Furthermore, hot-wire data appear to agree with impact data.
Two preliminary experiments leading to the use of high-speed photo-
graphy for the study of impact-induced ignition mechanisms were performed.
In one of these the amount of light from the reaction flash- was observed
and the sample ignition area estimated from photographs taken with a still
camera. In the other experiment the light intensity 
of 
the flash was
measured and two important times determined: (1) the delay time from
impact of plummet and striker pin to ignition and (2) the duration of the
flash.
The reaction of Me 6Al 2 with Me OH at -126 0 to 3 0 in CP,2C12 has been
studied in detail with respect to the rates of methane evolution and
product formation. Reaction 
of 
one equivalent of methanol with excess
Me 6Al 2 at -126 0 gave first-order kinetics with respect to methane evolution
(or methanol consumption). Addition of successive equivalents of methanol
at -116 0 , -70 0 , -23 0 , 0 0 , and 3 0 gave rate laws tending to second order.
Nmr spectra taken at -115 0 on mixtures of 2:1 Me 6Al 2 -MeOH in CF2C12 gave
spectra similar to but not identical with nmr spectra of mixtures of
2
mol	 -0	
r
Me fiAl 2 and oxygen ) which were initially allowed to react at -140 0 . The
spectra showed the presence of the unstable initial complex between Me OH
and Me6Al2.
A comparison of the reactivity of i-PrOH I and i-Pr 2 O at 100 1 and of
i-Pr 2 o and Et20 at 50 0 toward oxidation in benzene containing —0.3M
t-BuO2 11 (to generate t-BuO 2 - radicals) showed that on a per hydrogen
basis all three compounds have similar roactivitioB. An earlier comparison
of the reactivity of i-Pr011 ant; i-Pr 2 O toward t-DuO , radical at 100 0 showed
a high selectivity favoring i-PrOH by about 10:1. Some possible sources
of error in these comparisons are discussed. Product analyses showed that
both Et 2 O and i-pr 2 0 give substantial amounts 
of 
intramolecular oxidation.
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III IGNITION PROCESSES
A. Background
The reactivity of an organic material with liquid oxygen is judged
by its impact sensitivity which Is measured with the ADMA, or a aimilarly
designed, drop-weight tester. Although materials are qualified for use
in a LOX environment with this test, little is known concerning impact-
initiated mechanisms. Bowdon' lies determined that liquid and solid
explosives, when impacted, are initiated by the formation of hot spots.
These hot spots, of some small volume, are caused primarily by compression
of small entrapped bubbles of gas or extraneous grit particles. Whether
this hot-spot initiation mechanism applies to materials in a LOX
environment is not certain but, for convenience, the assumption has
served as a working basis for our experimental program.
Assuming the applicability of hot-spot theory, the impact sensitivity
of an organic material in a LOX environment must be dependent upon (1)
the case of formation of a hot spot, and (2) the subsequent ease of igni-
tion. These conditions should in turn be dependent upon the chemical
structure and physical properties of the tested compound. Furthermoroo
if the hot-spot theory is valid, the order of impact sensitivity in a
given series of organic materials should be in reasonable agreement with
the order as determined by the hot •-wire apparatus. This phase of our
program has involved attempts to correlate impact data with chemical and
physical properties and to compare data obtained by the two ignition
techniques.
Preliminary photographic studies leading to high-speed motion pictures
of the ignition mechanism have been carried out.
B. Impact Studies
Correlations 
of physical properties and chemical, structure to impact
sensitivity were investigated by a series of impact tests of pure organic
compounds at 43-inch heights by two different techniques: (l.) one using
the standard striker-pin guide and (2) the other using retainer springs
on top of the striker pinguide to hold striker pins firmly in alignment.
4
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CoProE2rtX rrel ation
The impact sensitivities and pertinent physical properties of the
pure organic compounds that have been examined are shown in Table 1.
The impact sensitivities of benzene and its halogenated derivatives
(ohlorobanzeno, bromobonzene, o-dichlorobenzone and p-dichlorobenzona),
are inversely related (approximately) to their flush points, i.e., the
compounds with the lowest flush points possess the highest impact sonsi-
t1vitics. Tic prefiont data, however, show little difference between
ahloro- and bromobonzene,
This same result is found with the aromatic series (benzene, naphtha-
lene, and anthraconc) in whicl ,  increasing molecular weight and flnsh point
are accompanied by regularly deergasing impact sensitivity.
The impact sensitivity ok hoxyl alcohol and of hexanoic acid, oxidized
derivatives of hexano, is comparoble to that 
of 
hexane. The order of
reactivity (hexano >hqxyl alcohol > hoxanoic. acid) again correlates
inversely w1th the order of flash pointu.
Of these three compounds, boxyl alcohol is moss , v asily oxidized by
other mothods, Theref ore j the much lower flash point of hexane appears
to be the important factor making it more impact sensitive than beryl.
-'I ^^ r%1	 1Ta-vn"^4o nn4rl wj+1i	
-	
nh point is the least imnactalcohol	 the hi rg-h-e-st J11n
sensitive of this group. It is also the least susceptible to oxidation
by other methods.
In the hydrocarbon sorJos containing hexano (flash pt. -22 0C), cyclo-
hexane (flush pt. -17 00, and cis-decalin (flash pt. 58 00, cis-decalin
exhibits a much greater reactivity than might be predicted from flash-
point considerations. This high impact sensitivity may be due to its
greater susceptibility to oxidation because of the presence of tertiary
hydrogens. 2
We have now examined the impact sensitivity of the series t-butyl-
benzene, toluene, and cumene. The results given in Table I show that
these compounds hnve increasing sensitivity in the order t-butylbenzene <
toluen( < cumene ) the some order of sensitivity as that found for reacti-
vity toward peroxy radicals in the oxidation OT these compounds ;2
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there is no obvious correlation with the flash points. We conclude that,
in this series of substituted aromatics, free radical susceptibility is a
better criterion for impact sensitivity than flash point, probably because
of the much greater range of free radical reactivity of these compounds
compared to the other benzene derivatives, all of which are relatively
inert to oxidati^.,,,-. under mild conditions. Thus at 30 0 the relative rates
of attack by a peroxy radical on t-butylbenzene, toluene, othylbenzene,
and cumene (on a per hydrogen 'basis) are —0.001 P 0.03, 0.25, and 0.5. 2
We plan to measure the impact sensitivity of othylbenzone to see if it
fits in the series.
2. Effect of Variables in the Test Method
The importance of variations in test method is verified when one
considers all data presented in Table X. When the striker pin guide is
not held in place with retainer springs most compounds exhibit 9 higher
apparent sensitivity. For example, toluene and cumene both give two
more positive impacts out of ten I'J^;sts when retainer springs are not used.
A tentative explanation for thip effect is that noncoplanarity of -the
anvil and striker-pin faces, when retainer springs are not used, produces
higher stress concentration (a more intense hot-spot) when the striker-
pin is struck by the hammer.
C.	 Thermal Ignition
An alternative method of igniting organic samples in LOX (the hot-
wire method) has been described in detail previously.3
Briefly a 60-pjfd capacitor is charged to from 700 to 800 volts, and
is then discharged through a 30-gauge platinum resistance wire, which is
one leg of a Wheatstone bridge circuit. The wire is partially immersed
in the organic sample held in a small glass cup immersed in LOX. A trace
representing the bridge voltage unbalance, and therefore the platinum
wire temperature, is obtained with a Tektronix oscilloscope.
A few of the same organic compounds that have been impact tested to
relate chemical structure and physi,-,al properties to sensitivity have been
ignited in LOX by the hot-wire ignition technique. The minimum ignition
temperatures and respective ignition delay times for Series I compounds
7
I	 i
(benzene, bromobenzene, naphthalene, anthracene, hexane, and cyclohexane)
and Series II compounds (isopropyl ether and isopropyl alcohol) are Phown
in Tnble II. Impact-sensitivity data, previously reported for these
compounds, are included for comparison. The ease of ignition is determined
by consider" on of both the minimum peak temperature required and the
length of the ignition delay.
Among the Series I compounds, hexane and cyclohexane were the most
sensitive to hot-wire ignition. This same order was also obtained in
impact studies and is thought to be caused by the low flash points of these
compounds	 Benzene; the most impact-sensitive compound in the group, was
measurably less reactive to hot-wire ignition than hexane or cyclohexane,
but more easily ignited in LOX than its homologs, naphthalene and anthra-
cene. This order of reactivity, benzene > naphthalene > anthracene, is
in agreement with the order of reactivity observed in impact tests.
The ignition of isopropyl alcohol, and isopropyl ether, Series II
compounds, by hot ware in LOX has also been studied. Contrary to the
impact studies where the ether waa shown to be more reactive, the hot-
wire data showed that the alcohol ignites at a lower peak temperature.
Most of the above tests exhibited the inverse relationship between
peak temperature and ignition delay time, i,e., the higher the peak
temperature, the lower the delay time.
Hot-wire studies performed to date are not complete but in most
eases they appear to correlate with impact sensitivity data. Further-
more, they emphasize the apparent importance of flash point in LOX
ignitions.
During the next quarter two additional Series TI compounds, isopropyl
acetate and t-butylamine, will be tested and some studies repeated on
ether and alcohol. The results of these tests will be compared with
the k 
a 
A d 
values obtained by reactivity of these compounds toward t-butoxy
radical.
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D.	 High-Speed Photography
It has been surmised that impact induced ignitions in a LOX medium
are point initiated and that propagation occurs along crack surfaces.
High-speed photography offers a means of studying the course of ignition
and propagation events. This phase of our work was started during the
post quarter with two preliminary experiments. In one of these experi-
ments the amount of light from the reaction :Clash was observed and the
sample ignition area estimated from photographs taken with a still camera.
In the other experiment the light intensity was measured and two important
times determined: (1) the delay time from impact of plummet and striker
pin until first light of ignition and (2) the time duration of the flash.
1.	 Still Photography
Still photography was used to qualitatively estimate the amount of
light obtained from an impact ignition in LOX, and 'to observe the extent
to which the sample burned. Figure 1 shows a cross section of the anvil
assembly and the manner in which the combination of two mirror; and one
achromatic lens brings the sample plane into visual focus. A Minolta
101 camera with a 135-mm. lens was round appropriate for still photo-
graphs. It is equipped with a long shutter release cable so that the
shutter can be operated remotely. Tri-X, a fairly sensitive film, was
used.
Shown in Fig. 2 is the 0.5-in.thlck Lexan anvil-cup polished on both
ends. Glued into a step on one end is a disk providing a 11/16-in.
diameter by 0.050-in. thick sample cup.
Benzyl alcohol, which is extremely sensitive to impact (Table Z),
has been used exclusively in these preliminary studies. In this experi-
ment benzyl alcohol was measured into the Lexan anvil-cup, and the anvil
and sample were cooled in the cooling box. Next the sample was positioned
for testing,, the room darkened, the camera shutter opened, and the plummet
released. Following the flash the shutter was closed. A series of impact
ignitions were photographed at shutter openings from f-2.8 to f-22. One
taken at f-22 is shown in Fig. 3. The dashed white line outlines the
sample. This area represents about 0.6 of the sample surface, which lies
10
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Figure 2	 LEXAN ANVIL-CUP
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Figure 3 STILL PHOTOGRAPH OF REACTION FLASH
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ar pin
a pin
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in a Tektronix
and the light
photodiode mounted
203) Is sens1t.L
aut 250 m.v. at
directly under the striker pin. The remainder of the photograph shows
light reflected from the cone-shaped walls of the anvil assembly (refer
to Fig. 1).
Apparently only a portion of the sample burned on impact, the main
part of the ignition in fig. 3 occurring on one side of the sample.
Other pictures have shown similar phenomena. Furthermore, all of the
photographs taken have shown that there is sufficient illumination from
reaction ;dashes to obtain high-speed photographs.
2.	 Delay Time and Flash Time
When taking high-speed movies of a phenomenon of very short duration
one must know precisely the time durations of various earlier events as
well as the time duration of the phenomenon itself. With the impact
process three event times must be known: (1) drop-time of the plummet;
(2) delay time from plummet striker pin impact until first light of
ignition and (3) duration of light flash. Only items 2 and 3 were
determined since item 1 is well known.
Two circuits were used to measure the delay time and :dash duration.
1
In one of these a pin-swatch circuit triggered a
oscilloscope when the plummet impacted the strik,
emitted by the igniting sample was detected with
directly under the Texan anvil. This photodiode
to ir, uv, and'visible radiation and has an output
210,000 candle power.
In the second circuit which was used only a few times, a second scope
was triggered by the flash itself. figures 4a and 4b show traces obtained
when both circuits were used simultaneously. The sample, benzyl alcohol,
exhibits a delay time of 480 µsee, a :Plash duration of about 500 µsecs,
a
and a peak intensity of about 190,000 candle power. Other traces show
delay times ranging from 250 to 550 µsec and :dash durations varying from
200 to 700 µsec. They also show that sufficient illumination is available
for high-speed photographs.
The Flash durations are obviously quite short and will necessitate the
use of very high framing rates in order to obtain an informative sequence
of pictures. If the framing cameras do not provide enough information for
the :Plash analysis, a rotating drum or streak camera may be used.
14
ER
}
H
E
w d
^' v
z_
Z N
^_ v
J
E
t
O
N Ez^
w p
2 u
H 8
c7 cD
J
4
U	 500
	 1000
TIME -- Use(
(a) IMPACT TRIGGERED TRACE
U	 150
TIME — µsac
lb) LIGHT TRIGGERED TRACE	 TA-7128 - 12
F Iyure 4 TRIGGERED TRACES OF REACTION FLASH
15
i
k	 0
IV OXIDATION MECHANISMS FOR ORGANIC COMPOUNDS
A. Background
This research program is based on the idea that when impacted mix-
turos of LOX and organic materials are subjected to extreme temperature
excursions, oxidation for combustion) proceeds by a variety of overlapping
mechanisms involving alkyl, alkylperoxy and alkoxy free rad i cals. Previous
work has shown that at low temperatures, peroxy and alkoxy radicals did
not propagate by abstractlon and no free radical chains were observed.
During the present contract year, we have examined the oxidation of
Mc (,,A' 2 at low temperatures because this compound represents a class of
compounds that react spontaneously with oxygen at low temperatures.
Study of this system may be helpful in understanding the fast oxidation
of other classes of compounds at higher temperatures.
We have also examined the relative reactivity 
of 
several simple
organic compounds toward t-13uO , and t-BuO 2 , radicals at 50 0 and 100 0 to
determine if these reactivities are similar and 
if 
the reactivity towards
L-BUO2 • , which measures oxidizability, can be correlated with sensitivity
as measured by the impact or hot-wire tests. If such correlations can be
established, then a simple chemical measurement involving reactivity
towards t-13uO- radical might provide an alternative and valid screening
procedure for LOX-sensitive organic materials.
B. Reaction of Me,.,Al 2 with Oxygen and Methanol
Oxidation
Earlier experiment S4 with oxygen and MecAl2
,second order rate constants for oxygen absorptio:
at 140 0 . By nmr we observed rapid conversion of
to -55 0 with concomitant changes in the bridging
groups, as shown in Figs. 5a and b.
in CF2 C1 2 at -140 0 gave
a OX _I X 10-2 I/mol sec
Me02 -Al to MeOAl at -700
and nonbridging Me-Al
We have attempted to obtain more reliable kinetic data for oxidation
over a temperature range to assist the formulation of a mechanism for the
reaction and to compare 'the oxidation with the reaction of Me6Al2
16
TO VACUUM LINE
A
W&T GAGE
ABSOLU'T'E 0-800 mm
THERMOCOUPLE
TEMPERATURE
MEASUREMENT
THERMOCOUPLE
TEMPERATURE
CONTROLLER
N2 EXHAUST
N2 COOLING IN
ISOPENTANE
COOLANT BATH
SEALED SYRINGE
PORT
- DEWAR
TEFLON COVERED
MAGNET
^--- HEAT EXCHANGER
SOLUTION OF Al2Maa
IN CF2Cl2
TA-7226.5
Figure 5 APPARATUS FOR LOW, TEMPERATURE OXIDATION OF Me
e
 Al2
17
s	 A	 xa.,	 ,.._ ^77,_	 .v!prn,.__..^1+kWIt..,r _.wq_
I	 #'
with methanol. The latter reaction gJvoH mvi-iiane ono motlwxy aluminum
products that abould be the some as those f(,und in the oxidation.
The rates of oxidation were mesHurcd with the apparatvif3 shown Jn
Fig. 6. Known amounts of Me GAl 2
 were injected into the nitrogon-Tilled
reaction vosmol at 25 0 . The port was sealed off and the vessel was
evacuated and cooled to between -140 0 ind -130 0 ; n known amount of CF2C.12
was condonscd into it, and the mixture was stirred magnetically unt1l
thermal equilibrium was roachod. A measured amount of oxygen was then
added to the system from a gas-buret and all owed to dissolve and react
for —1000 seconds before changes in pressure were noted with time, A
blank experiment without hlecAl 2
 showed that equilibrium solubility was
achieved after —1000 seconds.
Seven runs were made betwoon -140 (l and -1300 on two solutions of
hlo (,Al 2 in CF2C1 2 ; after oxidation had proceeded to completion or nearly
so, additional oxygen was added at a now temperature. The data are
summarized in Table Hl o Sinp o amounts of oxygen and Me GA1 ,2 were nearly
Table III
REACTION OF OXYGEN WITH Ale (,Al 2 IN CF2C12
Run Temp. Old (,,Al2J0 (t)2	 FA A02 k2 X 10200 M, Pmol()s Ptnoles Pfiloles I/mol see
100 -10 0,015)	 629 284 225 1
101 -133 1340 802 6.7b 
lla -142 0.021,	 875 867 867 1.5
110 -134 795 677 2.6b
Ild 794 0
a Oxygen is at —50 torr.
bThcsn rate oonstants refer to oxidation of MoO2Me5Al2.
equivalent, the data were plotted as second ardor in the form log [Me,3A1
L	
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versus time, The concentration of oxygen as a function of pressure was
estimated from blank experiments where oxygen pressures were noted on
the prooence and absence of a known volume of CF2Cl2 at -1400.
is
i	 i
	5.97 6.49	 9.1 3 9.61 9.80 10.66 10.80
I	 l
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Figure 6 Nmr SPECTRA OF REArTIONS OF Me 6AI2 WITH 02 OR McOH
AT LOW TEMPERATURE
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Kindtic runs 10b and lla consisted of two points only and therefore
are of doubtful validity# Although straight line relationships were
observed for the other (3^ to 6-point) runs, the temperature dependence
flog k 2 versus T) showed appreciable scatt r.
There are two major sources of error in these measurements. One is
the rapid solubilization of oxygen in O1 2 G1. 2 which precludes moasure*,'tt.*z:ts
during the initial portion of the reaction, and the second is oxidation
of McO 2Al 2 Me S which is significant during some period of reaction with
the first equivalent of oxygen and is the dominant process in runs 10b',
11c, and lld. For these re a sons we c onsider the kinetic data as qualita-
tive only. The values of rate constants measured here are close to those
estimated from earlier experiments 4 of _10" 2 1 mol" 1 sec -1 and are in
accord with the suggested mechanism that involves displacement of oxygen
on Me6Al2.
Me	 Me. , Me	 Me G Me
02 +Al	 Al	 "*'Al	 Al
Me' N Meg 'Me	 Me ]	 I N Me
	
0 2	 Me
The rate of oxidation of Me,Al 2 and its first oxidation product,
McO 2 Al 2 Me 5t are very simil?.r but no more than two moles of oxygen were
absorbed for each mole of Me 5A1 5 . Probably (MeO2)2Me4A1.2 forms a trimeric
species in whic`i cleavage of the strong Al-0 bonds by oxygen is too unfa-
vorable to permit additional oxidation at the low temperatures employed
in these experiments.
A trace of ethane is observed in the oxidation mixture as an nmr
band at T9.13. This :^ust arise from coupling of two methyl radicals
whose origins remain obscure. It is unlikely that any free radical chain
reaction is associated with the low temperature oxidation although such
processes may well be important at higher temperatures and undoubtedly
play a role in the combustion of alkyl aluminums. It has been shown5
that inhibitors do not" °Affect the initial rate of oxidation of Me 0Al 2 at
25 0 although the same inhibitors do retard the oxidation of many ox Y. ^,
organometa llic compounds.
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C. Reaction of Methanol with Me GAl2
A known amount (153 µmoles) of Mc GAl 2 contained in a tared syringe
was added to 2 m1 CF 2C1 2 in a stirred round-bottomed flask attached to
the vacuum line. The solution was then cooled in a constant temperature
bath and about one equivalent of methanol was added from the toopler
pump. Methane evolution was followed with time initially at -126 0 by use of
the toepler pump. After a period equal to one or two half-laves, the
reaction temperature was changed to -123 0 and another series of measure-
ments was carried out. The procedure was repeated between -116 0 to ^113 0. Finally
the mixture eras warmed to -23 0 to complete the reaction and to obtain a
value for the total methane evolved. At each of the three -temperatures,
the log of (C11 4 ) 'n-(CI4 ) t was plotted versus time (first order).
Straight line relationships were found, indicating that the rate control-
ling step in the addition of the first equivalent of methanol is formation
of methane.
MeOH + Me 6A1, fast
-Me-- ---•  6A 1 2 Me 6 1 °w i. Me OA 1 2 Me S + CH 4
Second and third equivalents of methanol were 'then added to the same
mixtures at -116 0
 and -70 0 . Fourth, fifth, and sixth equivalents of
methanol were successively added at -23 0 , -10 0 , 0 0 , and 3 0 , and
methane evolution versus time again measured at -23 0 . The data
appeared to fit a second-order rate law, and the reaction of each addi-
tional molecule of methanol was slower than the previous one. From these
results we conclude that addition of methanol to the tetrame-hoxydimethyl--
al.uminum is slow compared with formation of methane. These results are
summarized in Table IV
slrav	 II
Me OH + (Me0) 4Al 2Me 2 -----r.(Me6) (MeO) 4Al 2Me 2 ---i..(MeC) 6Al 2Me + CH4
The kinetic parameters for first-order rate constants for evolution
of methane :,ere estimated from the temperature dependence for addition
of the first equivalent of methanol at 126 0 , -123 0 , and -116 0 (Table IV).
A plot of 1/T versus log k 1 gave k 1	 1011, so, s-11o, s/8. These parameters
0
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4Table IV
REACTION OF METHANOL WITH MOGAl2 IN CF2Cl2
(conc. in M)
Run Temp.
0C Lmoolil 0 Reactant [Reactant] 0 EvolvedCCH,j
k/sec x 106
60 -133 0.100 Me 6Al 2 0.280 0.017 2.8
7b -126 0.050 MeaAl 2 0,068 0.009 10
7a -123 0.077 Me 6Al 2 0.085 0.027 25
6c -121 0-090 M06Al2 0.090 0.085 52
7c -116 0.041 Mo 6Al 2 0.059 0.029 60
7d -116 0.096 Me6Al2(Me0) 0.085 0,083 140
8d -116 0.054 Me 6Al 2 0.030 0.055 105
W -115 0.068 Me 6Al 2 0.100 0.068 280ilOO
Gb -11:j 0.090 Me 6Al 2 0.180 0.065 01%180
7e -23 0.107 MO2AI2(OMe)4 0.085 0.104 k2(1/M0l sec)
I = 2.6 x 10-3
"Measured by nmr.
are reasonably consistent with a mechanism invo3ving a four-membered
transition state.
4
Me
	
,Me` /Me	 Me., /Me,,, ..,MeMe^A1 Al 	 Al	 Al	 + CH4
•Me 0 . 11,	 me	 me	 0	 IV%/1 0/1	 keMe H
These data give no information concerning fast metathetical reactions that
occur probably between (Me0) 2Al 2 Me 4 and Me 6Al 2 , 'to give 2MeOAl 2 Me 5 and
to give trimers in which the Al-0 bonds slow the addition of methanol in
much the same way as occurs in oxidation.
A mixture of methanol and excess Me 6Al 2 in CF 2 Cl 2 Was prepared and
examined by nmr at -130 0 , warmed to -115 0 for 5 min, recooled to -1300
and reexamined. The spectra in Fig. 5c and d show how the methane band
at T9.80 grows at the expense of the methyl group at T10.80; no change
was found i p, the methoxy band at T6.49 even though it changed from
H
MeO-Al to MeO-Al.
22
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The close, though not identical, resemblance between nmr spectra
from reaction of MeAl2 with oxygen and with methanol shows that the
products from the two reactions (aftor warming) are very similar, as
expected. The complex multiplets around T6.49 (MoO) and T10.80 (Me-)
from oxidation probably arise from a mixture of MeOAl2MO3 species having
differing degrees 
of 
polymerization.
D.	 Reactivity 
of 
Organic Compounds toward t-BuO • and t-Bu02 •
 Radicals
We have previously described 3 the procedure and results for measuring
the reactivity of a number of benzyl and isopropyl derivatives toward
t-BuO- radical generated from t-BU 2 0 2 at 1000-
Several oxidation experiments have been done with i-Pr011, i- PrO,
and Et 2 0 at 50 0 and 100 0 in benzene containing —0.3M, t-Bu0 2H G to convert
all alkyl and peroxy radicals to t-Bu02'-
RO• or R02' + t-BUO2H	
fasta
-ROH
 or R0 2 H + t-BUO2'
By this procedure, the relative rates of oxidation with only one peroxy
radical chain carrier might be obtained. Results are summarized in
Table V.
In the absence of t-BuO,11, rates of oxidation for i-Pr 2 0 and r1t20
were sharply reduced probably because of faster termination reactions
involving the ether peroxy radicals. At 50 0 a blank experiment (run 30)
showed that no oxidation of i-Pr.O took, place in the absence of azobis-
(isobutyronitrile) (ABN) initiator and thus that the hydroperoxide did
not decompose to free radicals.
Analyses for products were done by 91c after treatment of the
reaction mixtures with triphenylphosphine to reduce the hydroperoxides
to alcohols. ? Results suggest that the oxidations proceeded in the
following way
-Z02
i -PrOH_100 0 - iVie 2CO + H2O
'_Pr20 
02	 Me2COCHMe2 + ME,2QOCMe2
H100 0
 or 50 0
	 2H	 H62 N 0 2
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0",
Ht 20 50P MeIIOCH2MO + 
Me 117-MIC
	
1	 1192	 211
Reduction of the other hydroporoxides gave unstable homiketals or acetals
that decomposed to the corresponding; alcohol and carbonyl compound.
	
R, R	 03P	 tit R
Me C000	 MeI	 go*110 02.^jl	 0H
R
Wo60 + H2O
	
RR	 03P	 R It
Me 606,8 Ce 	 P,. Me 6OCIIMe
1
110 2 	 A0
R	 R
MAHOH + Me CO
(R = Me or H)
The oxidation of both i-Pr20 and Et2Q gave Mixtures of carbonyl and
alcohol products in the ratio of —1:1 to 2:1 in the presence Of t-BUO2H
but gave very much less alcohol than carbonyl in the absence of t-BuO 2 H-
(see Table V). The following scheme for the detailed oxidation of
i-Pr-,, 0 (which applies eqlJU11Y to Et 2 0) accounts for these results.
Me 2CH0CJ-We 2 + R02' 	 Me290CHMe2+ R02H	 (1)
Me 2 COCHMe 2 + 02	
fast	 Me2yoclime2
a	
020
Me 2 q0CHMe 2 + t-Bu0 2 H	 P Me 2Y0CHMe 2 + t-Bu02 •	 (3)
	
02•	 02H
Me. 90CHMe z*===i- Me 2COCMe 2	 (4)
	
02.	 k02
25
4	 4
l0AIC ()9h7 fast	
I 
"Me.
	
2 ^ Q 2 +	 2	 Ae 2	 h -I	 HSO
02 	 t-)3UO211	 2% 21 1
2t-BuO 2
 •	 Ow Tormination	 (6)
IT reaction 3 is last enough to compote with reaction 4, most of the
product will be monohydroperoxido and, in the absence of added t-Bu02H,
most 6T the reaction will proceed via reactions 4 and 5, consistent with
our findings.
The product balances are in only fair agreement with the A0 2 Values,
particularly in run 31 where more MoCHO was formed than can be accounted
for by A 02 . Here some additional reaction must be giving MeCHO without
requiring oxidation.
In the presence of t-BuO 9 H, the rates 
of 
oxidation (R 
0 ) 
of the
others and alcohol probably follow the simple rate law
R i 
*
	
R 0	 - nk j RII]2
( 
k 
t)
where Ri is the rate of initiation, n the number of equivalent hydrogensI
in the molecule, and k t refers to reaction 6. Since R 0 , R,, and LRHJ are
known, we can evaluate the ratio kl/(2k t A as a measure of the rate and,
since k t is the same for all three substrates in the presence of t-Bu02H,
the relative values of k, can be evaluated. These values (Table V) show
that there is very little difference in the value of k, for each sub-
strate on a per hydrogen basis. For comparison we include values for
the reactivity of i-PrOH, i-PrA and Et 2 0 toward t-BuO o radical as
measured by k a /k d on a per hydrogen basis at 100 0 . The large difference
between values for i-Pr.O and Et 2 0 suggests that t-BuO , radical may be
more selective than t-Bu02 - radical or that the value of k a A d for
i -Pr20 is anomalously low for some unknown reason.
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FINANCIAL STATUS AND PROGRAM PLANNING CHART
A program planning chart is appended,
As of January k5, 1969, the financial status was no Tollowst
Total amount authorized
	
$92,309
Total amount spent and committed to date
	
73,004
Amount committed during this report period
	
50
Uncommitted balance at end of this period
	
$19,255
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